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(54) Nitride semiconductor laser device 

(57) The nitnde semioonductor laser device of the 
present invention includes: a nitride semiconductor 
laser diode (100); and a protective layer (20a,20b) 
formed on at least one facet of the nitrkle semiconduc- 
tor laser diode. The protective Isyer Is made of Al^.x-y- 
jGaxInyBjN (where OSx, y, zsi and OSx+y+zsi), which 
is transparent to light emitted from the laser diode (100). 
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Oest^ption ' 

BACKGROUND OF THE INVBTnON 

tOOOIl The present invention relates to a nitride sem- s 
iconductor laser dewce. 

t0002J A semiconductor laser device using a nitride 

semiconductor such as GaN. InN or AW can generate 

light in ttie green to Ijlue regions and is expected to l)e a 

ligtit source for a higtKlensity optical disk apparatus A 10 
n*ide semiconductor laser dew^ 

iigfrt in t»ie l3lue part of ttie spectrum win l)e descrbed as 
an exemplary prior art devtoe. 

(OOWJ Figure 11 illustrates a conventional nitride sem- 
•oonductor laser devke 600. m the device 600, n-type is 
GaN electrode forming layer 62 Cmduding upper and 
lower parts 62a and 62b). n^n^e GaAIN cladding layer 

63. InGaN/GaN muKhquantum well (MQW) active layer 

64. p-type GaAIN cladding layer 65 and p-type GaN 

electrode forming layer 66 are formed in this Older on a so 
sappWre siiastrate 61. An electrode provided on the n- 
type side (n-type electrode) 67. made up of multiple 
pairs of Ti/AI layers alternately stacked, is formed on the 
tower part 62a of the n-type electrode forming layer 62 
On the other hand, an electrode provWed on the p-type ss 
side ftHype electrode) 68. made up of multiple paire of 
Ni/Au layers altemately stacked, is fbnned on the ^type 

electrode forming layer 66. In this maiwer. a laser diode 
60. also called a laser element or cavity' is fbrnied On 
both facets 0* the laser diode 60. fiom/tjy which laser so 
light IS emitted or reflected, a pair of SlOg or SiN protec- 
tive layers 69 are provided, thus preventing the deterio- 
ration of the laser facets. In this case. Sipg or SiN need 
not have their compositions exactly ddined by stoicM- 
ometry. Instead, these layers 69 should have resistivity 35 
(or insulating properties) and refractive index that are 

suljstantially equal to those of SiOg or SiN. In this spec- 
ification. part of a senticonductor laser device, from 
which stimulated emission of radiatton is produced. wiB 
be referred to as a "semiconductor laser diode", and a 
combination of the semk»nductor laser dkide with at 
least one protective or reflective layer a "semiconductor 
laser device" for convenience. 
£00041 The conventional nitride semiconductor laser 

device 600 may be fabricated by the following method. 45 
First the electrode fbmiing layer 62, cladding layer 63 
MQW active layer 64. dadding layer 65 and electrode 
forming l^er 66 are fanned in this order by a crystal- 
growing technk)ue on the sapphire substrate 61 . There- 
after, respective portfons of the electrode forming layer so 
66. cladding layer 65. MQW active layer 64. dadding 
layer 63 and lipper part 62b of the electrode fomiing 
layer 62 are etched, thereby exposing the i«>er surface 
of the tower part 62a of the electrode forming layer 62 

Then- and p-type electrodes 67 and 68 are fbnned on 55 
tt»e e^ed upper surface of the electrode fbnning 
layer 62a and the electrode forming layer 66, respec- 
tively. by an evaporation technique. Thereafter, the pair 



of protective laywB 69 are formiad on both laser facets 

by a sputtering or electron beam (EB) evaporation tech- 
niqjue. 

10005] Rgures12A and 12B illustrate another conven- 
fional nitride semiconductor laser devtee TOO. The 
device 700 includes: n-type GaAIN dadding layer 72; 
•nOaN^SaN MQW active layer 76; p^ype GaAIN dad- 
ding 1^ 75: and p^ypeGaN eledrode forming layer 
76. which are stacked In this order on a sapphire sub- 
strate 72 a crystal-growing technique. An WAu elec- 
trode 77 and a WAI electrode 71 are fonned on the 
upper and tower surfaces of this multile^er structure to 
form a laser diode 70. In order to reduce the operating 
current of this laser diode TO. a reflective layer 90. made 
43 of four pairs of SIOjAiO^ layers 91. 92 alternately 
stacked with the thickness of each layer defined tiy A/4n 
(n is a refractive Index of each l^er 91 or 92). is fbnned 
on the rear facet or the bacK of the laser diode 70. On 
the front facet or the front of the laser diode 70. an 
Si02 protective byer 80 is fonned at a thickness defined 
by X/Zn (n is a refractive index of the protective fayer 80). 
Herdn. X is an osdOatton wavdength of the laser diode 
70. The stimulated emission of radiation In output from 
the front The front prdective layer 80 and the rear 
reflective fayer 90 are deposited t>y a sputtering or EB 
evaporation technikiue. 

100061 Byprbvidingtherdlectivelayer90ontheback. 
the reflectance of the back increases to about 98%. and 
abnost all faser light can be emitted from the front As a 
result the operating cunrent can be reduced to about 
70% of that consumed by a semicondudor laser device 
with only an SiOg protective layer formed on its back at 
an ordinary thickness defined by A/2n. 
10007] However, the ifetimes of the conventional 
nitride semiconductor laser devices 600 and 700 are 
short particulariy when operating at high outout power. 
The present Inventore found that the lifetimes of these 
nitrtoe semiconductor laser detnces are short because 
of the following reasons: 

(1) The faser diodes 60 and 70 are made up of a 
plurality of crystal iJQrers. whereas the protective 
fayers 69 and 80 and the reflective layer 90, fbnned 
on the facets thereof are fomied of Si02 or TiC^ 
and are all amorphous layei?. In addition, the 
length of a bond in the material for these amor- 
phous fayere (eg!, the length of an Si-O bond) is 
dWerent from tfie lattice constant of the crystal fay- 
ers In the laser cfiodes. Accordingly, lattice mis- 
matching is caused in these interfaces to create 
bttice defects in these crystal fayers (in the MQW 
active fayer, in particdar). Moreover. If the protec- 
tive fayers 69 and 80 and the rdlective fayer 90 are 
formed on the laser facets by a sputtering or EB 
evaporation technique, then these faser facets 
woukJ be damaged due to relativdy Wgh inpad 
energy of material partides flying from the target. 
AS a result latfice ddeds might be caused in the 
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crystal layi^ in the laser diodes 60 and 70. 
(2) The thennal 6)q)ansk)n ooeffidents of 0ie d 
tal layeis in the laser jcfiodes 60 and 70 are greatly 
different from those of the protective layers 69 and 
80 and the reflective layer 90. Aooodingly. the crys- s 
tal layers (the MOW active layer, in parfiadai) are 
strained while the protective layers 69 and 80 and 
the reflective layer 90 are cooled down to room teni- 
perature after these layers have been formed and 
during the operation of the devices (during high- io 
power qperatioa in particular). As a result, crystal 
defects are newly created or the number thereof 
increases. For example^ the thermal e^qpansion 
coeffident of the MQW active layer 64 Is 3.15 x 10' 
^K'\ which greatly different trom that of the pro- is 
tectivelayer69at 1.6x10'^ K\ 

SUMMARY OF THE INVENTION 

[0008] An deject of the present invention is providing so 
a nitride semiconductor laser device with a nxich longer 
rifetime and higher reliability than those of a conven- 
tional device. 

{0009] A rtttride semiconductor laser device according 
to the present invention includes: a nitride semtconduc- 2S 
tor laser diode: and a protective layer formed on at least 
one facet of the nitride semiconductor laser dode. The 
protective Layer is made of Ali.x.y.zQaxlny6zN (where 
O^x, y, z^l and O^+y-i-z^ 1), which is transparent to 
tight emitted from the laser diodein one embodim^ of 30 
the present invention, the tNckness of the protective 
layer is preferably N times as large as A/Sn. where N is 
a positive integer. X is an oscillation wavelength of the 
light emitted from the las^ diode and n is a refractive 
index of the protective layer. 3S 
[001 0] In another entbodiment of the priesent inven- 
tion, the nitride semiconductor laser diode preferably ' 
includes a multiquantum well active layer made up of 
multiple pairs of InuGa^^N and In/Bat^^ (where 0 $ u, 
vs 1) layers alternately stacked one Mpon the ottier. 40 
[001 1 ] In still another embodiment, the protective l^er 
is preferably fomned k>y an MOCVD or MBE process. 
[001 2] In yet another embodiment, the device pr^er- 
al3ly further includes a reflective layer in contact with the 
protective layer, the reflective layer reflecting the light 4S 
emitted from the laser diode. 
[0013] In that enixKfiment. the reflective layer is pref* 
erably made up of at least one pair of first and second 
layers, which have mutually different refractive indices 
and are alternately stacked one upon the other. so 
[0014] Specif icaily. the thicknesses of the first and 
second layers are preferably defined by %J4a^ and 
A/4n2. respectively, whei-e X is an oscillation wavelength 
of the light errritted from the laser cfiode arxi n^ and n2 
are refractive indices of the first or second layers, 55 
respectively. 

[001 5] In an alternate emt)odiment. the Hvckrtess of 
the protective layer may be N times as large as >/2n, 




where N is a positive integer, X is an oscillation wave- 
length of the fight emitted from t\e laser diode and n is 
a refractive index of the protective layer. 
[0016] In another alternate embodiment the thickness 
of the protective layer may also be defined by 
AMawhere X is an escalation wavelength of the lig^ 
emoted from the laser diode and n is a refractive index 
of the protective layer. 

[0017] In another embocfimenl the protective layer 
may be made of QaN. and the frst and second layers 
may be made of SO^ and T1O2. respectively, or two 
types of All ^.p^lnpB^ (where OSo, |J. ysi and 0 s 
ofpn 5 1).which have mutually different refractive indi- 
ces and are transparent to 6ght envtted from the laser 
dkxle. 

[0018] In stai another entxxliment the reflective layer 
may further include a third layer between the first and 
second layers. The fvst second and third layers are 
preferably all crystal layers^and a difference in lattice 
constant l^etween the first and third layers is preferably 
smaller than a difference in lattice constant between the 
first and second layers. 

[0019] In yet another enrtxxliment, the protective layer 
is preferably made of QaN. and the reflective layer, 
which is made up of the f irst, third and second layers 
stacked in tWs order, preferably has a GaN/AIGa WAIN 
structure. 

[0020] In yet another embodiment, the protective layer 
and the r^lective t^ver are preferably fonned by an 
MOCVD or MBE process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Hgure 1 is a perspective view of a nitride semicon- 
diictor laser device according toafirst entbodiment 
of the present invention. 

Figures 2A through 2D are perspective views illus- 
trating respective process steps tor fabricating the 
nitride semiconductor laser device of the first 
entxxliment 

Figure 3 is a graph atustrating the results of a life 
test canied out on the nitride semiconductor laser 
device of the first embedment and a conventional 
nitride semicorxiuctor laser device. 
Hgure 4A is a perspective view of a nifrWe senti- 
Qonductor laser device according to a aecond 
embodiment of the present invention; and 
Rgure 4B in a cross-sectional view of the device 
taken along the line 4B-4B* in Figure 4 A. 
Rgure 5 is a aoss-sectional view of a nitride semi- 
conductor laser device according to a third entxxl- 
iment of the present invention. 
Rgure 6 is a aoss-sectional view of a nitride semi- 
conducta laser device according to a fourth 
embodiment of the present invention. 
Rgure 7 is a graph illustrating the results of a life 
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test cairied out oh the nitride semiconduclor laser 
devices of the second, third and fourth einbodi- 
ments and a conventional nitride semiconductor 
laser device 

RgureS is a cross-sectiona] view of a nitride semi- 
conductor laser device according to a fifth etrbod^ 
ment of the present invenfioa 
Rgure 9 is a graph iOustrating a relationship 
betwe^ a wavelength at the reflective Isyer and a 
calculated reflectance at the facet in the nitride 
semiconductor laser device erf the frflh entxxSment 
Rgire 10 Is a graph Illustrating the results of a Gfe 
test carried out on the nitride semiconductor laser 
devices of the fifth and sixth errtxxiirnents and the 
conventional nitride semioonductor laser device. 
Figure 11 in a perspective view fllustrating a con- 
ventional nitride semiconductor laser device. 
f=igure 12A is a perspective viewiDustrating another 
conventional nitride semiconductor laser device; 
and 

Figure 12B is a cross-sectional view of the rtitride 
semiconductor laser device shown in Figure 12A. 

DESCRIPHON OF THE PREFERRED EMBODI- 
MENTS 

EMBODIMENT 1 

[0022] Rgure 1 is a perspective view of a nitride sem- 
iconductor laser device 100. emitting in the tiiue 
region, according to a first embodiment of the present 
invention. 

[0023] The device 1 00 includes a nitride semiconduc- 
tor laser diode 10 and a pair of GaN protective layers 
20a and 20b. which are provided on both laser facets of 
the diode 10. The protective layers 20a and 20b are 
transparent to the light emitted from the laser diode 1 0. 
In other words, GaN. wfvch is the material of the protec- 
tive layers 20a and 20b, has a band gap larger than that 
of the optical energy of the radiation emitted from the 
laser diode 10. The protective layers 20a and 20b are 
not necessarily made of GaN. t>ut may be made of any 
other senfvconductor material that is transparent to the 
light emitted from the laser diode 10. 
[0024] The nitride semiconductor laser diode 1 0 has 
the following structure. An n-type electrode 1 1 . made up 
of multiple pairs of Ti/AI layers aJternately stacted, is 
formed under an n-type GaN substrate 12. On the sub- 
strate 12, Si-doped n-type Gao.9Alo.1N cladding layer 
13. MOW active layer 14. Mg-doped p-type Gao.9Alo.1N 
cladding layer 15. Mg^loped p-type GaN electrode 
fonning layer 16 and p-type electrode 17 are formed in 
tWs order. The MOW active layer 14 is made up of nuil- 
tiple pairs of undoped lno.o2Q5k):98N/lno.iiGao,85N lay- 
ers altemately stacked. And the p-type electrode 17 is 
made up of multiple pairs of Ni/Au layers altemately 
stacked. The protective layers 20a and 20b are pro- 
vided on the both facets of the laser diode 1 a 



[D02q Hereinafter, a niettK^ for fabricati^ 

Gght-envtting nitrUe semiconductor 1^ 

be descrO^ed witti reference to Rgures 2A. 2B, 2C and 

2D. 

5 [0026] Rrst, as shown in Figure 2A, the respective 
semiconductor layers 13 through 16 are crystal-grown 
by a metalorganic chemical vapor deposition (MOCVD) 
technique on the n-type GaN substrate 12. 
[0027] Spectficai^. the Si-doped n-type Gao^.iN 

10 cladding layer 13 is deposited to be about 0.5 iimtfrick 
on the sut>strate 12 at a growth temperature of about 
lOSO^'C. Next, the growtti temperature is lowered to 
about 800 *C. at which the MQW active layer 14. made 
\jp of muKple pairs of undcped 
^).02Q9os8^"o.i5Q3oB5N layers altemately stacked, 
is deposited tfiereon to be about 0.1 lun thick (where the 
thictoiess of each layer is about S nm). Then, the growth 
temperature is raised again to about lOSO'^C, at which 
tfie Mg<k)ped p-type Gao^Mo.iN cladding layer 15 is 

20 deposited thereon to be about 0.5 (un thick. Subse- 
quently, the Mg-ddped p-type GaN electrode forming 
layer 1 6 is deposited thereon to be dxHit 1 ^m tNck wHh 
the growth temperature maintained at at)Out lOSO'^C. 
[0028] Next as shown in Figure 2B, the substrate 12 

25 is polished until the total thickness of the assembly, 
including the sut>strate 12 and the respective senscon- 
ductor l^ers 13 through 16. reaches about 150 ^m. 
Thereafter, a p-type electrode 17, made of multiple pairs 
of Ni/Au layers alternately stacked, and an n-type elec- 

30 trode 11, made of muit^e pairs of Ti/AI layers alter- 
nately stacked, are formed by an evaporation technique 
on the electrode forming layer 16 and under the sut>- 
strate 1 2, respectively. The resulting multilayer structure 
is cleaved or dry-etched, thereby obtaining the nitride 

95 semiconductor laser diode 10 having the structure oif a 
rectangular parallelepiped with a vyidth of about 500 jun. 
' [0029] Then, as shown in Figure 2C. the GaN protec- 
tive layers 20a and 20b are fdnned to be about 0. 1 6 ^m 
thk:k on txnh laser facets of the nitride semiconductor 

40 laser diode 1 0*. These lay^ 20a and 20b are formed 
by an MOCVD process at a temperature of about 
1000*C. In accordance with the MOCVD. material parti- 
cles with high kinetic energy do not impact on the laser 
facets, and the facets are not damaged. Thus, no lattice 

45 defects are caused in the crystals grown on the sub- 
strate 12 cbiring the deposition of the protective layers 
20a and 20b. Similar effects are also attainable If the 
protective layers 20a and 20b are formed by a molecu- 
lar beam epitaxy (MBE) process, not the MOCVD proc- 

so ess. 

[0030] The thermal expansion coefficient of GaN, 
which is the material for the protective layers 20a and 
20b, is 3.17x10-^ K\ which is very ctose to that of the 
MQW active layer 14 at 3.15x10"^ IC^ Accordingly, 
55 almost no strain is caused due to thennal stress 
t>^een the MQW active layer 14 and the protective 
layers 20a and 20b during cooling to room temperature 
or during the opemtion of the device. 
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[0031] .Supposing the refmctive index n of GaN is 2.6 
and the laser oscSlafion waveiength X is 420 nm, the 
tNckness of the protec^e iayers 20a and 20b is defined 
in ttvs enixxliment at 0.16 |un, which is twice larger 
than X/2n ^ 0.08 ]ixn AHems^ely, the thickness of the 
protective laym 20a and 20b may be N times as large 
as A/2n. where N is a positive integer. In such a case, 
the oscillation properties of the laser device can be sim- 
ilar to those exhbited whm the protective layers 20a 
and 20b are not formed. In view of the productivity, the 
thickness of the protective layers 20a and 20b is prefer- 
ably X/2n or A/h. 

[0032] Finally, as shown in Figure 2D. the assembly is 
cut off at a predetermined pitch (e-g.. about 400 yun) to 
complete the nitride semiconductor laser device 100 
having the laser diode 10 with a predetermined size. 
[0033] In this embodiment, the energy t>and gap of the 
CaN protective layers 20a and 20b formed on the laser 
facets is 3.45 eV. which is larger than the energy (2.95 
eV) of the laser light emtted from the MQW active layer 
14 (oscillation wavelength: 420 nm). Accordingly, the 
laser light is not absoit^ by the protective layers 20a 
and 20b but totally transmitted. Mso, since the protec- 
tive layers 20a and 20b are grown without dop^. the 
resistivity of the protective layers 20a and 20b is 10^ O 
• cm or more. Thus, almost no leakage cunent ftows 
through the protective layers 20a and 20b. 
[0034] Figure 3 illustrates the results of a fife test car- 
ried out on the t^lue-fight-emttting nitride semiconductor 
^l^iser devfoe 100 of the first embocfiment and the con- 
ventional nitride semiconductor laser device 600 includ- 
ing an SiOa protective layer shown in Figure 11. 
Specifically. Figure 3 illustrates how the rate of variation 
Aiop of the operating current changes with time. bi Fig- 
ure 3, the fine El represents the results on the nitride 
semiconductor laser device 100 of the first entxxli- 
ment wtiile the curve CI aiustrates the resiAs on the 
conventional nitride semiconductor laser device 600.' 
The life test was performed with the operating cunent 
controlled under the conditions that the ambient temper- 
ature was set at 50*C, the oscillation wavelength was 
set at 420 nm and the output of the laser was controlled 
to be constant at 60 m W. 

[0035] As shown in Figure 3. the rate of variation of 
the operating cunent is stiR constant in the nitride semi- 
conductor laser device 1 00 of the first embodiment even 
after the device 100 has operated for 1O,0!OO hours. In 
contrast in the conventional nitride semioorxluctor laser 
device 600. the rate of variation of the operating cunent 
abn^y increases on and after the device 600 has 
operated for 500 hours. As can be seen, the fifettme of 
the nitride sennoonductor laser device 100 of the first 
ent>odiment is about 20 time fonger than that of the 
conventional nitride senvoonductor laser device 600. 
Analyzing these results, it is believed that such a long 
lifetime is attained according to the present invention 
because deterioration of the laser facets can be sup* 
pressed by tfie GaN protective layers 20a and 20b and 



because almost no latlioe defects are created in the 
MQW active layer 14. 

fP036] htffe embodiment the protecGve layers 20a 
and 20b are made of GaN. Alternatively, the protective 

5 layers 20a and 20b are preferably made of Alvx-y z^x- 
biyBzN (where osx. y, z^l. and O^+y-t-z^l). Tbe mole 
fractions X. y and z may be selected such that these lay- 
ers are transparent to the ight anitted by the laser 
diode. Since various nitride seniconductor compounds. 

10 contairfng Al. In and B, are usaHe for ftie protective lay- 
ers 20a and 20b. the range of materials attainatsle 
exceDent lattice matching can be expanded. 
[0037] As just descrfoed. the protective layers 20a and 
2pb are preferably made of rAride semiconductor mate- 

15 rials in order to establish latGoe matching with the nitride 
semiconductDr crystal layers constituting the semicon- 
ductor laser dode. Alternatively, any other material may 
also be used so long as the material can estabUsh lat- 
tice matching witti the nitride semiconductor crystal lay- 

so ers constituting the semioonductor laser diode and have 
transparency to the osdllatfon wavelength of the laser 
diode. As can be easily understood, materials, which 
show Ngh electrical resistivity and a thermal expansion 
coefficient cfose to that of the MQW active layer, are 

25 preferably used. 

[0038] The MQW active layer 14 is also preferably 
made up of vrU^e pairs of InuGai-uN/KGai^ 
(where O^u^l and 0^^) layers alternately stacked, 
for example; The structure and the method for produc- 

so jng the semiconductor laser cfiode 10 are known in the 
art Japanese taid-Open Patent Publication No. 9- 
219556 is hereby incorporated by ref erence. 
[0039] The respective compo^tions of the protective 
layers 20a and 20b and the MQW active layer 14 are 

35 drflned such that the layers 20a and 20b are transpar- 
ent to the light emitted from the laser diode as described 
above. In addition, the compositions should also be 
selected such that a difference in lattice constant 
between the protective layers 20a. 20b and the MQW 

40 active layer 1 4 accounts for about 3% or less of the lat- 
tice constant of the MQW active layer 14. H the differ- 
erx;e In lattice constant exceeds 3%. then lattice 
mismatching happens in the interfaces between the 
protective layers 20a. 20b and the MQW active layer 14. 

45 As a result, lattice defects are caused in the MQW 
active layer 14 and the lifetime of the nitride senrvcon* 
ductor laser device is sometimes shortened. It should 
be noted that if ttie protective layers 20a and 20b are 
suffidentiy tfiick. then ttie lifetime of the laser may not 

so be shortened even tiiough lattice mismatching of more 
than 3% has happened. This is because the protective 
layers 20a and 20b can absorb the strain. 
[0040] h addition, tfie conpositions should also be 
selected such that a difference in tiiemial expansion 

55 coefficient between ttie protective layers 20a, 20b and 
ttie MQW active layer 14 accounts for about 20% or less 
of the ttiermal expansion coefficient of the MQW active 
layer 14. 
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[0041] In this entKxfiment undoped semJconducbx 
l^ers are grown as the protective layers 20a and 20b 
by an MOCVD or MBE process to Increase the resislivr 
ity of these layers 20a and 20b. Opttonally. to furfier 
increase the resistance. Group V atonos such as As or P 
atoms may be inqjlanted thereto at such a level of about 
10^^ cm"^ as compensating for nitrogen vacancies 
existing in the semiconductor layers. By increasing the 
resistanceof the protective layers 20a and 20b, it ispos- 
sUe to prevent cun-ent from leaiang through the protec- 
tive layers 20a and 20b. The resistivity of the protective 
layers 20a and 20b is preferably equal to a higher than 
i^Q • cm. more preferably equal to or higher than 10^ 
£i • cm. 

[0042] In the foregoing embodiment, dadduig layers 
and active layer are formed on an rntype QaN sufc)strata 
An alternate nitride serruconductor laser diode may 
include: p-type QaAIN daddng layer; undoped 
InGaN/lnGaN MOW active layer; n-type GaAtN cladding 
layer; n-type GaN electrode forming layer; and n*type 
Ti/AI electrode. All of these layers are stacked in this 
order on a p-type GaN substrate. The laser cfiode fur* 
ther includes a p-type Ni/Au electrode formed under the 
substrate. And thin layers of Al^x-y-zGaxlnyBsN (where 
Osx. y. 1. and Osx-i-y+zsl) may be provided as pro- 
tective layers on the nitride semteonductor laser dioda 
In such an alternate en^xxfiment the same effects as 
those of the f irst embodiment are also attainable. 
[0043] In this embodiment the protective layers 20a 
and 20b are provided on both facets of the laser diode 
10. Altematively. only one protective layer may be pro- 
vided on either facet thereof. The thickness of the pro- 
tective layers 20a and 20b does not have to t}e N times 
as large as A/2a txjt may be N' times as large as A/4n 
(where is a positive odd numbei) such that the light is 
reflected by the protective layers 20a and 20b which 
also function as reflective layers. 
[0044] The alternate protective layer materials and the 
substitute laser diode structure described above arc 
also applicable to the foltowing entxximents. 

EMB0DIMEMT2 

[0045] Next a nitride sen^condbctor laser device 200 
according to a second embodiment of the present 
inventfon wSl be descnl>ed with reference to Figures 4A 
and 4B. Rgure 4A is a perspective view of the device 
200 of the secoTKl embodiment wfiile Figure 48 is a 
cross-sectional view thereof taken along the line 48-48* 
in Figure 4A. 

[004S] The device 200 of the second enix)diment is 
different from the device 100 of tiie first embodiment in 
that tiie device 200 further includes a reflective layer 
30a on the outer face of the protective layer 20b formed 
on the back of the semiconductor laser diode 10. Also, 
in the device 200 of the second embocfiment the 
respective thicknesses of the protect five layers 20a and 
20b, formed on the front (light-emitting face) and the 



back of the senrvconductdr laser dipde 10. are about 
' 0.08 tm and about 0.16 |tm, respectively. In the other 
respects; the structure of the device 200 is substantially 
the same as that of the device 100. Thus, the elements 

5 with substantially the same fonctions are identified by 
the same reference numerals and the detailed descrip- 
tion thereof will be omitted herein. 
[0047] The reflective layer 30a of the device 200 is 
formed by altemately staddng «ght paks of nHride sem- 

TO kx)nductor layers with mutuaOy different refractive indi- 
ces. e.g., AIN layers 31 (thfotafiess: about 0.05 vm) and 
GaN layers 32 (thkimess: about 0.04 |tm). The thick* 
ness of each of these nitride semiconductor layers 31 
and 32 Is represented by A/4n, where X is an escalation 

IS wavelength of the laser dkxie (e.g.. 420 nm) and n is a 
refractive index of each layer 31 or 32. As a result the 
reflectance at the back is about 93%. Also, since these 
nitride senuconductor lexers 31 and 32 are undoped 
semiconductor layers, the resistivity thereof is 10^ n • 

£0 cm or more. Aocordingiy. no leakage cunrent flows 
through these nitride semiconductor layers 31 and 32. 
[0048] The nitride semiconductor laser device 200 is 
fabricated in the following manner. First the semicon- 
ductor later diode 10* is formed as shown in Figure 28 

25 as in the first embodiment 

[0049] Next as In the first iBmbodlment the GaN pro- 
tective layer 20b is formed to be about 0.16 imi thick on 
tine back of ttie laser diode 1 0'. The protective layer 20b 
is fonned by an MOCVD process at about 1000 ''C, 
wtiich is sfighOy fow^ than the growth temperature of 
the seniconductor laser diode (wifli a double heter- 
ostojcture). This thickness is set at twice as large as 
W2n=0.08 fun, where the refractive index n of GaN is 
2.6 and the oscillation wavelength X erf ttie laser diode is 

S5 420 nm It shouU be noted, howe/er, that tiie thickness 
of the protective layer 20b does not have be exactiy 
■ twfoe of X^n. This is t>ecause the interface betvveen the 
• protective layer 20b and the AIN layer 31 formed ther- 
eon serves as a ^cet of the laser cavi^. That is to say. 

40 since the length of the cavity increases only by the thick- 
ness of the protective layer 20b, the oscillation proper- 
ties of the laser dfode. such as the operating cuaent 
thereof, are hardy affected if the thickness of the pro- 
tective layer 20b is variable to a certain degree. 

4S [0050] Next the eight pairs of nitride semiconductor 
layers of the two types, namely, ti^ie AIN layers 31 (thick- 
ness: about O.OSiun) and the GaN layers 32 (tNckness: 
about 0.04 jrni), are alternately stacked on tiie protec- 
tive layer 20b. theretjy fbnnng tiie reflective layer 30a 

60 thereon. The tiifckness of each of tiie AIN layers 31 and 
the GaN layers 32 are represented by X/4n. where X is 
the escalation wavelength of the laser diode (e.g.. 420 
nm) and n is the r^mctive index of each AJN or GaN 
layer 31 or 32 (ue., 2.0 and 2.6. respectively). As a 

55 result the reflectance at tiie back of tiie semiconductor 
laser dkxie 1 0' is about 93%. Also, since ttiese AIN and 
GaN layers 31 and 32 have t>een grown wifliout doping, 
the resistivity thereof is 10^ n • cm or mae. Accord- 
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ingiy, no leakage current flows through «ie AIN and GaN 
layers 31, 32. 

[0051] Subsequerttty. as Iri the first embociinent, the 
GaN protective layer 20a is formed on the front of the 
semiconductor laser cfiode 10'. In this embodment, the 
thickness of the protective layer 20a is set at about 0. 08 
^m. which is also d^ined by )J2xi It is noted that the 
protective layer 20b and the reflecGve layer 30a may be 
deposited on the back of the semicondudor laser cCode 
1 0* after the protective layer 20a has t>een deposited on 
the front of the laser diode 1 0*. 
[0052] Rnalty. the resultant nruftac^er structure is 
deaved at a pitch of about 400 as in the fiist enibod- 
iment In this manner, the nitride semioonductor laser 
device 200 of the second embocfiment having the laser 
diode 10 with a predetermined size is completed. 
[0053] Accorcfing to the second enixxfiment the life- 
time of the semiconductor laser device can t^e extended 
as in the first embodiment In addition, a high reject* 
ance is also attained. 

[0054] It should t>e noted that various other nitride 
semiconductor compounds are usable for the reflective 
layer 30a. as weQ as for the protective layers 20a and 
20b of the first embodiment Specifically, the reflective 
layer 30a is preferably made of Al^.x-y-zGaxIriyB^N 
(where Osx, y, zsi. and O^x+y +2S1). The vncHe frac- 
tions X. y and z may be selected such that the reflective 
layer is transparent to the Oght emitted from the laser 
diode. The same statement applies to the following 
erhbodiments. 

EMBODIMENTS 



ond embocfinient are perfonned unto the pit^ective layer 
20b is fonried to be about 0 J 6 |im tNck on the back of 
the laser dode 10* as shown in Rgure 2C. 
[0058] Next the five pairs of insulating layers of the 

5. two types with nwtuaOy different refractive indices, 
namely, the Si02 layers 33 QNckness: about 0.07 |tm} 
and the TiO^ layers 34 (tHdgriess: about 0.04 |un}. are 
alternate^ stacked on the protective layer 20b. The 
thtetaness of each of these layers 33 and 34 is repre* 

10 sented by V4ii. where X is the escalation vvavelength of 
the laser diode (e.g.. 420 nm). As a result the r^ect- 
ance at the back of the laser cfiode 10 is about 98%. 
Also, these SiOg and TiO^ layers 33 and 34 are formed 
on the protective layer 20b, and do not direcUy affect the 

15 facet of the active layer 14 In the semiconductor laser 
diode 1 0* during the deposition process thereof. Accord- 
ingly, these SiQe and T1O2 layers 33 and 34 may be 
formed by a sputtering or EB evaporation technique. 
However,in order to minimize the damage done to the 

so crystal l^ers in the semioonductor laser diode 
lO'.these SiO^ and T1O2 layers 33 and 34 are preferably 
grown by an MBE technique. 
[0059] Thereafter, a GaN protective layer 20a with a 
thickness defined by X/2r\ (ag.. 0.08 jun)is formed on 

25 the front of the semiconckictor laser diode 10'. By per- 
forming the same process steps as those of ttie second 
embocfimoit after that ttie nitride semiconductor laser 
device 300 is completed. 

[0060] According to tiietiiirdembodtni^,ttielifetin)e 
30 bf the semiconductor laserdevice can be exterided as in 
thefirst entKXfiment and a Ngh reflectance is attained 
aswell. 



[0055] Rgure 5 illustrates a cross section of a nitrkie 
semiconductor laser device 300 according to a third 35 
erhbodiment of the present invention. The device 300 of 
the third entxxiiment is different from the device 200 of ' 
the second embodiment in the structure of a reflective 
layer 30b. In ttie respects, the structure of the 
device 300 is sut>stantial!y the same as that of the 40 
device 200. Thus, the elements with substantially the 
same f unctk>rTs are klentified t>y the same reference 
numerals and the detailed description thereof will be 
omitted herein. 

[0056] The reflective layer 30b of the nitride senvcon^ 45 
ductor laser devrce 300 is formed t>y altennately stacking 
five pairs of insulating layers of two types, namely, SiQz 
layers 33 and T1O2 layers 34, on the GaN protective 
layer 20b provkJed on the back of ttie laser diode 10. 
The thickness of each of ttiese layers 33 and 34 is rep- so 
resented by X/4n. where X is the osdllation wavelength 
of the laser diode and n is a refractive index of each 
layer 33 or 34. The protective layer 20a witti a thickness 
defined by A/2n is formed on tiie front of the laser dkxJe 
10. 55 
[0057] Hereinafter, a mettxxi for fabricating ttiis nitride 
semiconductor, laser device 300 wilt be bri^ly 
described. The same process steps as those of tiie sec- 



EMB0DIMENT4 

[0061 ] figure 6 illustrates a ooss section of a nitride 
senwconductor las^ device 400 according to a fourtti 
embocfim©it of the present invention. The device 400 of 
the fourtti embodiment is different fi-om ttie device 200 
of the second embodiment in ttie staicture of a protec- 
tive layer 20c fbmied on ttie back of ttie senvconductor 
laser diode 1 0. In the ottier respects, ttie structure of ttie 
device 400 is substantially the same as tiiat of ttie 
devk» 200. Thus.ttie elements witti substantially ttie 
same functions are identified by ttie same reference 
numerals and ttie detailed description thereof will be 
omitted herein. 

[0062] The GaN protective layer 20c formed on ttie 
back of ttie laser diode 10 has a thickness defined by 
>/4n, where X is the osdllation wavelengtti of the laser 
cfiode and n is a refractive index of ttie protective layer 
20c. A reflective layer 30a is also formed on the protec- 
tive layer 20c by aKematety stacking thereon eight pairs 
of nitride semiconductor te^ers of two types, namely. 
AIN layers 31 and GaN layers 32. The ttiickness of each 
of ttiese layers 31 and 32 is also defined by A/4n. And 
ttie GaN protective layer 20a witti a ttiickness d^'ined by 
A/2n is formed on ttie front of ttie semiconductor laser 
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dfodelO. 

[0063] Since the protecfive layer 20c of the device 400 
serves as a reflective l^er. the reflectance at the back 
of the device 400 is hi^er than the device 200 of the 
second entxxfimeni As a result a reflectance as high 
as about 9S% is attained in this emtxxiiment The thkic- 
ness of the protective layer 20c is not necessarily 
defined tyy X/4n. but msy be N* times as large as X/4n. 
where tt isa positive odd nuni>er. In view of the pro- 
ductivity, the thidoiess of the protecfive layer 20c is 
pref er^)(y A/4a 

[0064] Figure 7 illustrates the results of a fif6 test car- 
ried out on the devices 200. 400 (E2 In Figure 7) and 
300 (E3 in Figure 7) of the second, third and fourth 
embodiments and the conventional device 700 (C2 in 
Figure 7) ittustrated in Figures 12A and 12B. Specific 
cally. Figure 7 illustrates hew the rates of variation A lop 
of the operating current change in the respective 
devices with time at a tempemture of 50^C and an out- 
put power of 50 mW. 

[0065] As shown in Rgure 7, no deterioration has hap- 
pened in the devices 200. 300 and 400 aoconling to the 
present invention even after the devices have been 
operated at a high output power for 1000 houiB. That is 
to say. as can be understood, the detenaation at the 
facets can be stressed by ttie protective layers and 
such a long lifetime is attained because a very small 
number of deficiencies are introduced into the active 
layer, 

[0066] As described atx)ve.accorcing to the foregoing 
second through fourth ^nbodiments. ttie tifetime of the 
semiconductor laser device can be exterided as in the 
first embodiment and an even higher reflectance is 
attained as well. 

EMBODIMENTS 

[0067] Rgure 8 illustrates a cross section of a nitrUe 
semiconductor laser device 500 according to a fifth 
entx)diment of the present invenfioa The device 500 of 
the fifth embodiment different from the device 200 of 
the second entxxliment in the structure of a reflective 
layer 40 formed on the t>ack of the semiconductor laser 
diode 10. In the other respects, the structure of the 
device 500 is substantially the came as tiiat of the 
device 200. Thus, tiie elements with sUbstantiaNy the 
same functions are identified t>y the same reference 
numerals and the detailed description thereof will be 
omitted herein. 

[0068] In the nitride semiconductor laser device 500. 
16 sets of multilayer stiiictijres. each consisting of: 
Alp.56ao.5N layer 41 (tNckness: 0.01 ^m); AIN t^er 42 
(tiiickness: 0.03 lun); Alo.^Bao.5N layer 41 (thickness: 
0.01 |un); and GaN layer 43 (thickness: 0.04 [m), are 
stacked on the GaN protective layer 20b formed on tiie 
back of ttie semiconductor laser diode 1 0. The GaN pro- 
tective layer 20a witti a ttiidgriess defined by A/2n is 
fornied on the front of the laser diode 1 0. n is formed on 



ttie front of the laser diode 1 0. 
[0069] Hereinafter, a mettiod tor labrica&ig this device 
500 wai be briefly descrS>ed. Ihe same process steps 
as those of the second ennbodiment are perfomied until 
$ tiie protective layer 20b is fornied to be about 0.16 |un 
ttvck on the back of the semiconductor laser diode 10' 
as sfKJwn in Rgure 2C. 

[0070] Next 16 sets of mullilevor stnictures. each 
consisting of: Alo^Gao 5N layer 41 (Wckness: 0.01 jim); 

to AIN layer 42 (tKckness: 0.03 |mi);AIo.^.5N layer 41 
(thickness: 0.01 |un}: and GaN layer 43.(ttuckness: 0.04 
ml are stacked by an MOCVD or MBE process on the 
protective layer 20b. These nitride semiconductor layers 
41, 42 and 43 are preferably node of Al^x^y-zGaxB^N 

15 (where OSx, y, zsi. and Osx+y«si). The mole frac- 
tions X, y and z waybe selected such ttiat tiiese layers 
are transparent to the Gght emitted from tiie laser diode. 
The lattice constants and themial expansion coeffi- 
cients of these layers shouW preferably be matched with 

20 each other and the electrical resistivity of these layers 
shouM preferably be high. 

[0071] The respective tWctoesses of ttie Alo.rf3ao.5N 
41/AIN 42/Alo5Gao.5N 41/GaN 43 layers aredelhed by 
>/20n. 3X/20n. X/20n and >y4n, where Xis the oscillation 
25 wavelength of the laser diode and n is a refractive index 
of each of these layers. The tiiickness of the 
Alo.5Gao.5N layer 41 is not limited to X/Zbn so tong as 
ttie total thickness of ttie Alo.5Gao.5N 41/AIN 
42/Alo.sQao.5N 41 layers is A/4a As a result, tfie reflect- 
so ance at the badK of the laser cavity can be as high as 
about 99%. Also, since the respective nitride semicon- 
ductor layers, included in the reflective layer 40, are 
grown without doping, the resistivity of each layer is 10^ 
Q • cm or more. ThuSi almost no leakage current flows 
55 tiirough the rrflective layer 40. 

[0072] Thereafter, a GaN protective l^er 20a with a 
tiitekness defined by A/2n (e.g.. 008 |im) is fonned on 
tiie front of the semiconductor laser diode 10\ By per- 
lomiing the same process steps as those of tiie second 
40 enrtDOdiniert after that, me nitride semiconductor te^ 
device 500 Is completed. 

[00731 Figure 9 Illustrates a relationship between a 
wavelength at the reflective layer 40 and an associated 
calculated reflectance at the facet As shown in Figure 

45 9, the reflectance reaches as high as 99% when the 
wavelengtti is 420 nm. The number of layers included in 
tiie multilayer reflective layer 40 may be appropriately 
selected to attain a required reflectance. 
[0074] A substantially equal reHectance IS attainable if 

50 at least one two-layered structure consisting of AIN 
layer 42 and GaN layer 43, each having a thickness 
defined by V4n (e.g.. 0.05 iun and 0.04 jmi). is fomied 
periodically instead of tiie reflective layer 40. However, 
in this two-layered stnicture. the difference in lattice 

55 constant is sl'ighfly less than 2% at room temperature. 
Accordingly, the AIN layer 42 is particularly likely to be 
strained due to tensile strain appGed thereto. To relax 
tiie strain resulting from lattice mismatching, an 
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Alo.^Gao-sN byer 41 v«th a lattice constant intemiediale 
betwe^ those of the AIN and GaN layers 42 and 43 
should t)e inserted between the AIN and GaN layers 42 
and 43. in such a case, the lifetime of the semiGonduc- 
tor laser device can be furth^ extended. 
[0075] tf the strain resutiing from latfice mismatching 
is to be further relaxed, then multiple AlqGai^ layers 
(where Qsq £ i) may be inserted instead of the 
Ato.^acsN layer 41 between the AIN and GaN layeis 
42 and 43 or muttipie layers, where the value of q con- 
tinuously changes from 0 to 1, may be formed therebe- 
tween. 

EMBODIMENT 6 

[0076] According to a sixth embodiment of the present 
invention, the GaN protective layer 20b. formed on the 
back of the semiconductor laser diode 10. Is omitted 
from the nitride semiconductor laser device 500 of the 
fifth enixxfiment Instead. 16 sets of four-layered struc- 
tures, each consisting of: Alo.5Gao.5N layer 41 (thick- 
ness: 0.01 ^m); AIN layer 42 (thickness: 0.03 fim); 
Alo^^do sN layer 41 (thickness: 0.01 ^m); and GaN 
layer 43 (thickness: 0.04 pm). are stacked drectly on 
the back of the laser diode 10. In accordance with such 
a structure, a reflective layer with a high reflectance can 
also be attained. 

[0077] AltemaBvely. an lno.o2Gaos8N layer may be 
famed as a substitute protective layer directly on the 
back of the semiconducta laser diode 10. Also, the pro- 
tective layer may have a thk^loiess N* tones as large as 
X/4n (where is a positive odd numtier) to function as 
a reflective layer. 

[0078] FigurelOillustratestheresultsofartfetestcar- 
ried out on tiie nitride semiconductor laser devices of 
the fifth and sixth embodiments (E4 and E5 in Figure 
10) and the conventional nitride semkxxiductor laser 
device 700 iUustrated in Figures 12A and 12B (C3 in 
Figure 10). Specifically. Rgure 10 Ulustrates how the 
rates of variatkxi A k)p of the operating current change 
in the respective devices with time at a temperature of 
SO^'C and an output power of 50 mW. 
[0079] As shown in Figure 10. no deterioration has 
happened in ttie devices according to the fifth and sixth 
eni>odiments even after the devices have been oper- 
ated at a Ngh output power lor 1000 hours. That is to 
say. as can be understood, the detenoration at the fac- 
ets can be suppressed by the protective layers and such 
a tong lifetime is attained because a very small nuni^er 
of d^icienctes are introduced into the active layer. 
[0080] As describe above, according to the fifth and 
sixth embodiments the lifetime of the semiconductor 
laser device can t>e extended as in the first embodi- 
ment and an e^en higher reflectance is attained as well. 
[0081] In order to suffkaenUy inaease ttie electrical 
resintjvity of the respective nitride semiconductor layers 
Included in the reflective layer 40 according to ttie fifth 
and sixth embodiments, undoped layers may be formed 



731 A2 




by an MOCVD MBE process. Optionally, to further 
Increase the resistance, Qroip V atoms such as As or P 
atonis may be iriplartted thereto at such a level of about 
10^^ cm"^ as compensating for rutrogen vacancies 
5 existing in the conductive layers. 

[0082] In a muft9ayer structure consisting of two or 
more types of insulating layers or Ngh-resistance semi* 
conductor layers if ttie lattice constants of two adjacent 
layers are greatly dfff erent at room temperature, then a 
10 ttiird Uyer should be ins^ed ttierebetween to reduce 
the difference In lattice constant between these two lay* 
ers. In this manner, a reflective layer can be formed sut>- 
stantially wtthout strainii^ ttie active layer. FurthernxKe. 
if these layers are formed bf an MOCVD or MBE proo- 
fs ess^ then ttie damage done to ttie laser facets during 
ttie deposition process can be drasticalty reduced. 
Moreover, since a material witti a thermal e}q>ansion 
coefficient very dose to that of ttie active layer is used, 
the strai n at room tmiperature can also be relaxed 
so [0083] In the foregoing embodiments, a reflective layer 
is supposed to bB formed only on the rear facet of each 
semiconductor laser diode. If a low threstidd voltage 
should t>e attained at the expense of ttie output power of 
the laser, however, another reflective layer may be pro- 
2$ vided on the light-emitting end of ttie laser diode. In 
such a case, ttie reflectance of each reflective layer may 
tie appropriately set depending on ttie applications 
ttiereof. 

[0084] , Thus, the present inv&ition provides a nittide 
30 semiconductor laser device witfi a long lifetime, which 
can operate reliably enough not only when the output 
power ttiereof is low. but also even when the output 
power is too high fa a conventional device to operate 
normally due to strain or defects. The nitride senvcon- 
$5 ductor laser device of the present invention is applicable 
as a Uue-light-erratting laser device to a compact disk 
reproducing system and so on. 
[0085] While the present invention has been 
descrit>ed in a preferred embodiment it will be apparent 
to those skilled in the art that ttie disjdosed invention 
may be modified in numerous ways and may assume 
mariy emtxxliments other, than ttiat specifically set out 
and described above. Accorcfin^s^y, it Is intended by the 
appended daims to cover all modifications of the inven- 
45 tton which fall'witiiin the true spirit and scope of the 
invention. 

Claims 

50 1 . A nitride semicotxluctor laser device comprising: 

a nitride semiconductor laser diode; and 
a protective Layer formed on at least one facet 
of the nitride semiconductor laser diode, 
55 wherein the protective layer fe made of Al^.^.y. 

xGaxInyB^N (where O^x. y. z^l and - 
Osx-i-y-i-z^l). wttich is transparent to light emit- 
ted from the laser diode. 



9 



' 17^^ EPOS 

2. The device of daim 1 , wherein die thickness of the 
protective layer is N times as large as A/2n, where 
N is a positive integer, X is an oscHlation wavei&igth 
of the light emitted from the laser diode and n is a 
r^ctive index of the protective layer. 

3. The device of Claim 1 , wherein the nitride semioon- 
ductor laser diode includes a multi-quantum weB 
active layer made up of midtiple pairs of lr\|Gai^N 
and lnyGat.vN (where 0^ u, v^l) layers aKemately 
stacked one upon the other. 

4. The device of Claim 1 . wherein the protective layer 
is formed by an MOCVD or MBE process. 

5. The device of Claim 1 , further comprising a reflec- 
tive layer in contact with the protective layer, the 
reflective layer reflecting the light envtted from the 
laser diode. 

6. The device of Claim 5. wherein the reflective layer is 
made ip of at least one pair of first and second lay- 
ers, wtiich have mutually different refractive indices 
and are alternately stacked one upon the other. 

7. The device of Claim 6. wherein the tNctoesses of 
the first and second layers are defined by TJAn^ and 
A/4n2. respectively, where X is an oscillalion wave- 
length of the light emitted from the laser diode and 
ni and na are refractive indices of the first or second 
layers respectively. 

8. The device of Claim 5. wherein the thickness of the 
protective layer is N times as large as A/2n. where 
N is a positive integer, X is an oscillation wavelength 
of the light emitted from the laser diode and n is a 
refractive index of the protective layer. 

9. The device of Claim 5. wherein the thickness of the 
protective Layer is defined ty x/4n. where X Is an 
osdOation wavelength of the light emitted from the 
laser diode and n is a refractive lixlex of the protec- 
tive layer. 

10. The device of Claim 6, wherein the protective layer 
ismadeofGaNarxl 

wherein the first and secorxi layers are made of 
Si02 and T1O2. respectively, or two types of Al^.^.^ 
^GaalnpB/1 (where 0 ^a, p, and O^a-if^^l). 
which have mutually different refractive indices and 
are transparent to light emitted from the laser diode 
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frst and third layers is smaller than a difference in 
lattice constant between hefrst and second layers. 

12. Thedevk^e of Oaim 11, wher^ the protective layer 
5 is made of GaN. and the r^ective layer, whk:h is 
made up of the first, third and second layers 
stacked in this order, has a GaWAK3laN/AIN struc- 
ture. 

10 IS. The device of Claim 5, wherein the protective Layer 
and the reflective layer are fomied bf an MOCVD or 
MBE process. 
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11. The device of Claim 6, wherein the reflective 
further includes a third layer between the first and 
second layers, and ss 
wherein the first, second and third layers are all 
crystal layers, and 

wherein a difference in lattice constant t>etween the 
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FIG. 2B 
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